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Pneudraulics, Inc., Model 7091 
NASA Drawing Number 75M06911 Rev. D 

ABSTRACT 

This report  presents the resu l t s  of tests performed on two specimens of 

1. Receiving Inspection 7. Vibration 

Pneumatic Cylinder 75M06911. The following tests were performed : 

2. Proof Pressure 8. Sand and Dust 

3 .  Functional 9 .  Cycle 

k .  Low Temperature 10. S a l t  Fog 

5. High Temperature ll. B u r s t  

6 .  Surge 

The performance of each test specimen was in accordance with t h e  require- 
ments of NASA Drawing 75M06911, Rev. D, throughout the tes t  program with the 
following exceptions: 

1. Switch malfunctions after vibration and cycle tes t ing  of 
specimen 2 (SN 0002). 

2. Switch malfunction of specimen 1 (SN 0017) a f t e r  sand and 
dust tes t ing .  

Excessive leakage from each end of specimen 2 during functional 
tes t ing.  

3 .  

4. k c e s s i v e  le--kage past t h e  piston on t h e  extend end during functional 
tes t ing  (at  low temperature) of each specimen. 

NOTE : 

i n  t h e  blockhouse such t h a t  swi tch  malfunction does not affect launch capabili ty.  
Switches on each end of the cylinder have a manual override 

Specimen 2 was disassembled following the  surge tes t  and new seals were 

Leakage during the post low temperature functional t es t  was within 

in s t a l l ed  on t h e  piston. 
able  pr ior  t o  vibration, l i f e  cycle, sa l t  fog and a secord low temperature 
tes t .  
specification limits. 

Leakage was thus reduced t o  the specification allow- 
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FOREWOWD 

The tests  reported herein were conducted for the John F. Kennedy Space 
Center by Chrysler Corporation Space Division (CCSD), N e w  Orleans, Louisiana. 
T h i s  document was prepared by CCSD under contract NASB4016, part BII, 
cwo 271620. 
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CHECK SHEET 

FOR 

PNEUMATIC CYLINDER, DOUBLE ACTING 

MANUFACTURER: Pneudraulics, Inc. 
MA"ACTURERt  S MODEL NUMBER : 
NASA DRAWING NUMBER: 
TESTING AGENCY: 
AUTHORIZING AGENCY: NASA KSC 

7091 
75EiO69l-l Rev. D 

Chrysler Corporation Space Division, N e w  Orleans, Louisiana 

I. FUNCTIONAL REQU-TS 

A. OPERATINGMEDIUM: 
B. OPERATING PRESSURE: 
C. LEAKAGE: 
D. PROOF FRESSURE: 
E. BURSTPRESSURE: 
F. PNEUMATIC CONNECTIONS: 
G. ELECTRICAL SWITCH: 

H. INTERNALLOCK: 
I. UNLOCKINGPRESSURE: 
J. MOUNTING ATTITUDE: 

11. CONSTRUCTION 

A. CASE MATERIAL: 

B. CYLINDER HEADS: 

C. FINISH: 

D. SEAL MAlWiIAL: 

E. LUBRICATION : 
.I -. 

Dry air  o r  gaseous nitrogen 
lo00 psig 
5 scim 
2000 psig 

AND10050-4 
Metals ard Controls P/NATql NASA Drawing 
75M13058-1 
Retracted position 
50 (210) psig 
Any position 

4000 psig (minimum) 

17-4 PH stainless s t e e l  per AMS 5643 
condition H 
202J+-T6 AL Alloy per QQ-A225/4, o r  
equivalent 
A l l  outside surfaces - s tee l ,  5.4.1 ard 22.2 
of MGSTD-171, color No. 13655 (yellow) per 

STD-171, color No. 13655 (yellow) per FED- 
FEDSTD-595. Aluminum, 7.1.1 +22.2 Of MIL- 

STD-595. 

MTP-M-S&M-M-M-61-7 type MIL-P-5315 o r  

KEL-F-10 o r  DC 55 
MIL-P-5516 

111. =ONMENTAL CHARACTERISTICS - MA"ACTURER'3  SPECIFICATIONS 

A. OPERATING TEMPERATURE RANGE: 0 t o  + 160°F 

Iv. SPECIALREQUIREMENTS 

A. A(;E CONTROL SF!EXIFI- 
CATIONS : MSFC-STD-105 

B. PACKAGING SEcIFI- HIL-P-ll6C, method IlF (NO contact pre- 
CATIONS : semration required 1 

viii 



C. CLEANING SPECIFICATIONS : 10Mo1671, level  V I  

8 .  LOCATION AND USE: Used in the Apollo access arm to control 
the position of the escape tower hooks 
a t  John F. Kennedy Space Cerlter Launch 
Complexes 34 and 37B. 



TEST SUMMARY (Sheet 1 of 3) 

PNEUMATIC CYLINDm, DOUBIE ACTING 

75M06911 

Operational 
iits Boundary hvironment Test Objective 

+oof Pressure' 
rest 

k l c t iona l  
lest 

2 

Low Temper- 
iture Test 

160(+l+,-0)°F Detennine if specimen 
operation is impaired 
by high temperature 

High Temper- 
ature Test 

~ 

Surge Test 

Vibration 

y loo0 psig 

Check for leakage ard 
d is tor t ion  

Determine locking and 
unlocking pressures. 
Check for leakage 

Determine if specimen 
operation is impaired 
by low temperature 

t o  750 psig Detennine if specimen 
i th in  100 operation is  impaired 
i l l i seconls  by surge i OOO cycles 

X 

Test Results 

Satisfactory 

Smimen 1 
sat isfactory;  
Specimen 2 
over 5-scLn 
bakage 

Leakage i n  
specimen ?. and 
spcimen 2 WE 
over 5 scim 

Specimen 1 sa- 
t is factory;  
Specimen 2 ua: 
over 5-scim 
leakage 

Specimens 1 ai 
2 sat isfac-  
t o 4  

Specinen1 '- 

sati sf actom 

Remarks 

No leakage or 
dis tor t ion  

Average unlock- 
ing leakape for  
specimen 2 was 161 
scim. Average 
locking leakage 
was 154 scim 

Average unlock- 
ing leakage for  
specimen 2 was 11% 
scim. Average 
locking leakage 

Average unlocking 
leakage for spec- 
h n  1 was 113 
scim. 
Average locking 
leakage was 4.0 
scim 

 as 1385 scim. 

AveraRe unlock- 
brig leakage for 
specimen 2 was 8 
scim. Average 
locking leakage 
 as 7.8 scim 

New piston seals  
were instal led i n  
the cylinder of 
speciman, 2.. 

During sinusoidal 
scan vibration in 
the X-axis for 
atmaimen 2, the  

switch on 
the extend s ide of 

Ithe cylinder f a i l e  
t o  opbrate. J 



Environment 

Resonant Fre- 
quency Search 

@erational 
Jnits Eoundary 

~ 

Sinusoidal 
Sweep 

Test Objective 

Random 

Determine i f  speci- 
men operation is 
impaired by cycling 

Sand and 
Dust 

Specimen 1 
satisfactory 
Specimen 2 in- 
operative 

Cycle 

TEST SUMMARY (Sheet 2 of 3 )  

PNEUI*lATIC CYLINDER, DOUBLE ACTING 

751106911 

~ 

2 
~ 

5 to 65 cps a t  
0.01-in. DA dis-  
placement 
65 t o  2OOO cps a t  
2.0~: peak 

Determine if speci- 
men operation is 
impaired by vibra- 
t ion  

2 

- 
2 

- 
1 

10 to 65 cps a t  

placement 
65 to 2ooo cps a t  
20g peak 

10 t o  2OOO cps a t  
0.05 &cps 

0.01-in. DA dis-  

4 hours exposure 
t o  sard and dust 

Determine if  speci- 
men operation is 
impaired by sani 
and dust 

2 1 5 ~ 0 0  pressure 
cycles 

lest Results 

'pecimen 2 in- 
1,xrative 

switch 

ipecimen 2 in- 
)peFative 

switck 

- --- 

switch 

I Remarks 

&ring the  
functional test, 
the  
switch on the 
r e t r ac t  side of 
t he  cylinder 
fa i led  to oper- 
ate. The ewitch 
was disassembled, 
cleaned, and 
adjusted. The 

then operated 
properly a f t e r  
reassembly 

A t  the comple- 
t i on  of 3044 
pressure cycles 
on smcimen 2, thl 

switch 
III m e  re t r ac t  
position failed 
t o  operate. Both 
switches were 
disassembled, 
c l e a n e d , d  ad- 
justed. The 

then operated 
properly a f t e r  
reassembly 

wi tch  

switches 

I 



I Environment 

Determine i f  specimen 
operation is impaired 
by salt fog 

Sa l t  Fog 1- Satisfactory 

Units 

1 

- 
1 

- 

TEST SUMMARY (Sheet 3 of 3) 

PNEWTIC CYLINDER, DOUBLE ACTING 

75m69U 

Operational 
Boundary 

21rO hours ex- 
posure t o  an 
atomized s a l t  
solution 

4000 psig 
(minimum) 

Test Objective (Test Results 

-~ ~- 

bo00 p3ig for 5 
U t e 8  

I 10,ooO psig or u n t i l  
rupture occurs 

I Remarks 

Test completed 

During the burst 
t e s t  a t  7700 psig, 
the  
switch on the re- 
t r a c t  side of t h e  
cylinder began t o  
leak. The test 
was continued t o  
10,ooO psig, at  
which time the 
test was discon- 

tor t ion  occurred 
tinued. NO dis- 



SbtiTlUN 1 

INTRODUCTION 

1.1 SCOPE - 
This report presents the r e su l t s  of tests performed t o  determine 
if Pneumatic Cylinder 75MO69I.l. meets the operational requirements 
for John F. Kennedy Space Center Launch Complexea 34 and 37B. 
A summary of the test r e su l t s  is presented on page x. 

1.2 

1.2.1 

1.2.2 

1.3  

ITEM DESCRIPTION 

Two specimens of Pneumatic Cylinder 75MO69U were tested. 
pneumatic cylinder i s  used on the Apollo access a r m  ins ta l la t ion  
t o  control the position of t h e  escape tower hooks. 

The 

The cylinder is 54.42 (s.060) inches long (retracted) and has 
a 1.56-inch-diameter bore with a 46-inch stroke. The cylinder 
is constructed of stainless  steel per AMS 5643 condition H and 
is rated for use with a i r  or nitrogen a t  an operating pressure 

and requires 50 
of lo00 psig. l inder is locked i n  the retracted position 

psig t o  unlock. 

APPLICABLE DOCUMENTS 

The follawing documents contain t h e  test requirements for Pneu- 
matic Cylinder 75M069l.l. 

a. KSC-STD-l6l+(D), dated September 17, 1964, Standard 
Environmental T e s t  Methods for Grourd Support Equiprent 
Instal la t ions a t  Cape Kennedy 

NASA Drawing 75M069I.l Rev. D b. 

c. Cleaning Standard 10M01671 

d. Test Plan CCSD-FO-1064-lR 

e. Test Procedure CCSD-F(L1064-2R 

1-1 



SECTION I1 

RECEIVING INSPECTION 

2.1 

2.2 

2.3 

2.4 

TEST REQUIREMENTS 

Test specimens 1 and 2 (S/N 0017 and 0002, respectively) s h a l l  
be visually and dimensionally inspected f o r  conformance with 
NASA drawing 75~069U revision D ami applicable specifications 
t o  the extent possible without disassembly of the tes t  speci- 
men. 
and manufacturing defects. 

The specimen s h a l l  a l so  be inspected for  poor workmanship 

TEST PROCEDURE 

A v i sua l  a d  dimensional inspection of each specimen w a s  per- 
formed t o  determine compliance wi th  NASA drawing 75M069l.l 
revision D and the applicable vendor drawing t o  the extent 
possible without disassembly of the t e s t  specimen. 
time the test specimens were a l so  inspected f o r  poor workman- 
ship and manufacturing defects. * 

A t  the same 

TEST RESULTS 

The specimen complied with NASA drawing 75M069l.l revision D. 
No evidence of poor workmanship or  manufacturing defects was 
observed. 

TEST DATA 

The data  presented i n  table 2-1 was recorded during 
the inspection. 

Table 2-1. Specimen Specifics 

Name 

Madel 

Length 

Bore 

Stroke 

Pneumatic Cylinder, 
Double Acting 

7091 

54.42 inches (retracted) 

1.56 inches . 

46 inches 

2-1 



SECTION I1 

RECEIVING INSPECTION 

2.1 

2.2 

2.3 

r 

2.4 

TEST REQUlREMENTS 

Test specimens 1 ard 2 (S/N 0017 and 0002, respectively) s h a l l  
be visual ly  and dimensionally inspected f o r  conformance wi th  
NASA drawing 7 5 ~ 0 6 9 ~ .  revision D and applicable specifications 
t o  the extent possible without disassembly of the  tes t  speci- 
men. 
and manufacturing defects.  

The specimen s h a l l  a l so  be inspected f o r  poor workmanship 

TEST PROCEDURE 

A visual ard dimensional inspection of each specimen was per- 
formed t o  determine compliance with NASA drawing 75MO69U 
revision D and the applicable vendor drawing to the  extent 
poseible without disassembly of the tes t  specimen. 
t h e  the  test specimens were a lso  inspected f o r  poor workman- 
ship and manufacturing defects. 

A t  the  same 

TES'P RESULTS 

The s p e c h n  complied with NASA drawing 75MO69ll revision D. 
No evidence of poor workmanship o r  manufacturing defects was 
observed . 
TEST DATA 

The data  presented in table.2-1 was recorded during 
the  inspection. 

Table 2-1. Specimen Specifics 
- 

Name 

Model 

Length 

Bore 

Stroke 

heumatic Cylinder, 
Double Acting 

7091 

54.42 inches (ret racted)  

1.56 inches 

46 inches 

2-1 



. . .  

SECTION I11 

PROOF PRESSURE TEST 

3.1 

r 

TEST REQUIREMENTS 

The pneumatic cylinders sha l l  be pressurized with a i r  or GN2 t o  
a proof pressure of 20oO psig. 
tained f o r  5 minutes and t h e  cylinders sha l l  be checked f o r  
leakage and distortion. 

This pressure s h a l l  be main- 

3.2 TEST PROCEDURE 

3.2.1 The t e s t  specimens were instal led a s  shown i n  figures 3-1 and 
3-2 u t i l i z ing  t h e  equipment l i s t e d  i n  table  3-1. 

3.2.2 A l l  valves were closed. 

3.2.3 With t h e  cylinder in midstroke position, both pressure ports 
were pressurired simultaneously to 2OOO paig by opening valve 7 
and adjusting regulator 4. 

3 2.4 Each t e s t  specimen was subjected to the proof pressure f o r  5 
minutes. 

3.2a5 The pressure was removed by adjusting regulator 4, closing 
valve 7, and opening valve 3. 
f o r  s t ruc tura l  deformities. 

Each test specimen was examined 

3 -3 TEST RESULTS 

The t e s t  specimens did not leak, and there was no evidence of 
dis tor t ion.  

3 04 TEST DATA 

The data presented i n  table 3-2 were recorded during the test. 

3-1 



Table 3-1. Proof Pressure Test Equipment List 

GN2 or  A i r  Source 

- 
tem 
No. 

1 

- 

2 

3 

4 

5 

6 

7 

8 - CCMD 

-~ 

It em 

rest Specimen 

Pressure Gage 

W Valve 

Regulator 

F i l t e r  

Pressure Gage 

Hand Valve 

Manufacturer 

heudraulics, Inc I 

teise 

lobbins Aviation 

rescorn Incorpor- 
n t e d  

Bendix 

Heise 

Vacco 

Yodel/ 
a r t  No. 

7091 

NA 

SSK 
2504T 

26-10- 
21-20 

1731261 

NA 

160013: 
-1 

NA 

S e r i a l  
Ma. 

m 2  an 
no17 

a0172 

NA 

3025 

NA 

€I35960 

5U6-6 

NA 

Table 3-2. 

Pressure 

Leakage 

Proof Pressure Test Data 

x)o psig f o r  5 minutes 

Distortion I None I 

3-2 

Remarks 

Pneumatic 
cylinder, 
iouble act ing 

D-to 3OOo-psig 
9.25% FS 
accuracy 
Cal. date 
6-24-66 

$-inch, vent 

2 d c r o n  abso- 
l u t e  

0-to 5OOo-psig 
5.25% FS 
accuracy 
Cal. date 
6-23-66 

&-inch 

0-to 35oo-psig 



I 
4 .a 

.. 
b) 

rl 
I m 
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c 
8 
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SECTION I V  

FUNCTIONAL TEST 

4.1 

4.1.1 

4.1.2 

4.1.5 

4.1.6 

4.1.7 

4.2.1.2 

4.2.1.3 

TEST REQUIREMENTS 

A functional t e s t  s h a l l  be performed on test  specimens 1 and 2. 

The extend and re t rac t  ports of the specimen s h a l l  be alter- 
nately pressurized with c;N2 or  a i r  u n t i l  t he  cylinder i s  f u l l y  
extended o r  retracted. 
specimen. The pressure required t o  unlock the  switch, s h a l l  
be monitored and recorded and the unlock switch i rdicat ion 
s h a l l  be monitored. Unlock pressure s h a l l  be 50 (+lo) psig. 

Ten cycles s h a l l  be performed on each 

The extend port s h a l l  be slowly pressurized t o  750 psig and 
the  r e t r a c t  port checked f o r  leakage. 
5 scim. 

Leakage s h a l l  not exceed 

The s tep  described i n  paragraph 4.1.3 shall be repeated except 
t h e  r e t r a c t  port s h a l l  be pressurized ani the  leakage a t  the  
extend port and shaf t  seal s h a l l  be checked.' 

The s teps  described i n  paragraphs 4.1.3 ard 4.1.4 s h a l l  be 
repeated using a pressure of lo00 psig. 
ceed 5 scim. 

Leakage shall not ex- 

Insulation resistance s h a l l  be determined between a l l  non- 
connected terminals and between each terminal and the  case. 
!h.mmum resistance s h a l l  be 20 megohms at an applied voltage 
of 506 vdc. 

~ 

. .  

For a l l  subsequent functional tests, t h e  s t e p  i n  paragraph 
4.1.2 s h a l l  be performed three times and t h e  s teps  in para- 
graphs 4.1.3, 4.1.4, a@ 4.1.6 once. 

TEST PROCEDURE 

SWITCH INDICATION 

The test  specimens were ins ta l led  as shown i n  figures 4-1 and 
4-2 u t i l i z ing  the  equipment l i s t e d  i n  tab le  4-1. 

A l l  valves were closed. 
then opened and a i r  a t  750 psig was applied t o  hard valve 12. 
Hard valve 12 was then opened. 

Hard valve 15 and regulator 13 were 

The piston i n  the specimen was exterded by slowly opening hand 
valves 2 and 8. 
on. The pressure a t  which the  pressure swit-sh deactivated was 
recorded. 

Indicator l i g h t ' A ' k s  of f ,  and indicator B was 
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4.2.1.4 

4.2.1.5 

4.2.1.6 

4.2.1.7 

4.2.2 

Ab. 2.2.1 

4.2.2.2 

4.242.3 

4.2.2.4 

4.2.2,5 

4.2.2.6 

4.2.2.7 

4.2.2.0 

4.3 

4.3.1 

The piston was retracted by closing valves 2 and 8, and opening 
valves 3 and 9. 
B was off.  
corded. 

Indicator l i g h t  A was on, and indicator  l i g h t  
The pressure a t  which the  switch activated was re- 

The procedures described i n  paragraphs 4.2.3 and 4.2.4 were 
repeated ten times. 
recorded. 

The unlocking pressure f o r  each cycle was 

The piston extended and retracted smoothly with no binding. 

The system was then bled by closing valve 12 ard opening valves 
10, 2, and 3, respectively. 

LEAKAW TEST 

The leakage t e s t  w a s  conducted with the specimens instal led 
a s  shown in figures & - l a d  4-2. 

All valves were closed, hand valve 15 and regulator 13 were 
opened and air  a t  750 psig was applied t o  the extend port  of 
the cylinder by opening valves 1 2  and 8. 

Valve 5 was then opened axxi leakage was checked using H20 con- 
t a ine r  6 and graduated cylinder 7. 
was 5 scim. 
a flowmeter was ins ta l led  ami the tes t  was continued. 

The maximum leakage allowed 
When graduated cylinder 7 proved t o  be inadequate, 

Valves 5 and 8 were closed ami valve 3 was opened. 
port  of the cylirder was then pressurized t o  750 psig by open- 
ing valve 9, closing valve 3, a d  opening valve 4. 
checked using H20 container 6 and graduated cylinder 7. 
maximum leakage of 5 scim was allowed. 
7 proved t o  be inadequate, a flowmeter was  ins ta l led  ard the  
tes t  was continued. 

The r e t r a c t  

Leakage was 
A 

When graduated cylinder 

The procedures described i n  paragraphs 4.2.2.2 through 4.2.2.4 
were repeated f ive  times using the  flokrmeter. 

The pressure was removed from the t e s t  specimens and each 
specimen w a s  v isual ly  examined f o r  s t ructuraldeformit ies .  
test  data were recorded. 

All 

The procedures described in paragraphs 4.2.2.2 through 4.2.2.4 
were repeated, except a 1OOO-psig preswre was used. 

The insulation resistance between a l l  nonconnected terminals 
and between each terminal and the  case was determined upon 
completion of t h e  ledcage test. 

TEST RESULTS 

During the 
a d  retracted smoothly with no binding. 

switch indication test, the piston extended 
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4.302 For spechen 2 t he  average leakage past the  piston in  t h e  un- 
locked position was 137 scim a t  750 psig and 185 scim a t  lo00 
psig. I n  t h e  locked posit ion t h e  leakage a t  750 psig was  128 
scim and 180 scim a t  lo00 psig. 
5 scim. Specimen l ope ra t ed  sa t i s fac tor i ly .  

The insulat ion resistance between a l l  nonconnected terminals and 
between each terminal and the case was over 20 megohms. 

Maximum leakage allowed was 

4.3.3 

4 04 TEST DATA 

Test data recorded during the  functional test are presented i n  
tab les  4-2 ani 4-3. 
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Table 4-1. Functional Test Equipment List 

S e r i a l  
No. 

0002 and 
0017 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

H35832 

tern 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

- 

SSK 
250-4" 

26-1003 

2-8- 
13480- 
16-13-0 

It em 

NA 

276 

57 - 

Pest Specimen 

Hard Valve 

Hand Valve 

Hand Valve 

Hand Valve 

H20 Container 

Graduated cy- 
l i r d e r  

Hand Valve 

Hard Valve 

Hard Valve 

Pressure Gage 

Hand Valve 

Regulator . 

F i l t e r  

Manufacturer 

keuiraul ics  , Inc 

iobbins Aviation 

bbbins Aviation 

bbbins  Aviation 

Robbins Aviation 

Robbins Aviation 

Robbins Aviation 

Robbins Aviation 

Heise 

Robbins Aviation 

Tescom Corp. 

Bendix 

Yodel/ 
a r t  No. 

'091 

S K  
50-4T 

SSK 
250-4T 

3SK 
250-4T 

5SK 
2 5 0 U  

I A  

NA 

SSK 
250-4T 

SSK 
250-4T 

SSK 
250-4T 

NA 

I 

Remarks 

Pneumatic 
q l inde r ,  
louble acting 

k-inch, vent 
PC 

&-inch, vent 
NC 

j$inch 

0 4 0  10-scim 
5% FS accuracy 

$-inch, NC 

&-inch, NC 

$-inch, vent 
NC 

0-to 2000-psig - -tO.25% FS 
accuracy 
C a l .  date 
6-23-46 

&-inch 

0-to 3OOO-psig 

2-micron 



Table 4-1. Functional Test Equipment Liat (Continued) 

It em 
fJo. 

15 

16 

It em 

H d  Valve 

GI42 or  A i r  Source 

~ a n u f a c t u r e r  I yodel/ 
Part No. 

k n t r o l  Compon- EJ-608- 
snts, Inc. P-P 

NA 

S e r i a l  
No. 

NA 

NA 

Remarks 
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Table 4-2. Functional Test Data (Specimen 1) 

Unlocking Pressure 
RWI (PSQ) 

1 55 
2 55 

45 3 
4 45 
5 45 
4 b5 

45 7 
8 45 

45 9 
10 45 

Locking Pressure 
(psig) 

55 
50 
50 
50 
50 
50 
50 
50 
50 
50 

I I 1 

Leakage Test 



Table 4-3. Functionai Test Data (Specimen 2) 

Switch Indication 

Run 
Unlocking Pressure Incking Pressure 

(psig) (psig) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

60 
60 
60 
55 
55 
55 
58 
60 
60 
60 ._ 

58 
58 
50 
55 
58 
58 
60 
60 
60 
55 

~~ 

Leakage Test 

Leakage, Piston Unlocked Leakage, Piston Incked I ( S C h )  I ( SCh) 
Pressure 

R u n  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

750 
750 
750 
750 
750 

lo00 
lo00 
lo00 
lo00 
loo0 

123 
123 
151 
3-43 
u3 
187 
182 
187 
181 
185 

u.2 
123 
134 
134 
138 

177 
181 
179 
182 
182 
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4 

I 1  r 8 .  I 

m4 

Note: A l l  tubing 1/4 inch unless otherwise noted. 
Refer t o  table  4-1 for item identification 

Figure  4-1. Functional Test Schematic 
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SECTION V 

Lcrw TEMPERATURE TEST 

4 functional t e s t  sha l l  be performed during the low temperature 
test  using a i r  or Q?2 a s  test  medium. 
ored during t h i s  t es t .  
5(W, -4)"F. 
minute. 

Leakage w i l l  be monit- 
The rated low temperature shall be 

Maxirmrm temperature change rate s h a l l  be 1°F per 

TEST PROCEDURE 

The t e s t  specimens were instal led as shown i n  figures 5-1 and 
5-2 u t i l i z ing  the  equipment l i s t e d  i n  table  5-1. 

The chamber was adjusted t o  s t ab i l i ze  a t  5°F with a maximum 
temperature change r a t e  of 1°F per minute. 
was between 60 arxi 90 per cent. 

The relative humidity 

When t h e  specimen temperature s tabi l ized a t  5OP, a functional 
test as specified i n  section I V  was performed. 

Upon completion of the  functional test, t h e  chamber was returned 
t o  room ambient conditions. 
of the test specimen t o  room ambient conditions, a v isua l  in- 
spection and a functAonal test as specified in section I V  were 
performed. 

Within 1 hour following the return 

A l l  t e s t  data  were recorded. 

TEST BESULTS 

The rated low temperature of 5°F was established during the  tes t ,  
with a maximum temperature change rate of 1°F per minute. 

The specimens withstood the low temperature test, except f o r  
leakage past the piston in both specimens. 

During the low temperature tes t  on specimen 1, leakage past t h e  
piston i n  t h e  unlocked posit ion a t  750 psig averaged lll scim, 
and a t  lo00 psig averaged l l 5  scim. 
posit ion a t  750 psig averaged 4.5 s c b ,  and a t  loo0 psig averag- 
ed 3.5 scim. 
locked posit ion at 750 psig averaged 10% s c h ,  and a t  loo0 
psig averaged 1290 scim. Leakage in the  locked posit ion a t  
750 psig averaged 1310 scim, and a t  lo00 psig averaged l460 
scim. 

Leakage i n  the  locked 

On specimen 2, leakage past the piston in t h e  un- 

After specimen 1 was returned t o  ambient conditions, t h e  leak- 
age past the piston was urder 5 scim. 

After specimen 2 was returned to ambient conditions, the leakage 
past the  piston i n  t h e  unlocked posit ion a t  750 psig averaged 
82.5 scim, and a t  lo00 psig averaged 102.5 scim. Leakage in 
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the locked position a t  750 psig averaged 90 scim, and a t  lo00 
psig averaged 112.5 scim. 

5.3.5 

5.3.6 

The insulation resistance between a l l  nonconhected terminals 
and between eAch terminal and the  case was over 20 megohms. 

Test specimen 2 (SN 0002) was subjected t o  a low temperature 
re tes t .  
with new piston seals pr ior  t o  the  retest. 
tes t  were considered sat isfactory.  

The specimen had been disassembled and reassembled 
Results of t he  

5 .k TEST DATA 

5.4.1 Functional test data recorded during the low temperature test 
are presented i n  tab le  5-2. 

Functional tes t  data recorded after the  low temperature test 
are presented i n  table 5-3. 

5.4.2 
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Table 5-10 Low and High Temperature Test Equipment L i s t  

' .  
It em 

Test Specimen 

Test Chamber 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Flowmeter 

Flowmeter 

Hand Valve 

Hand Valve 

Hand Valve 

Pressure Gage 

Hsnd Valve 

Regulator 

Manufacturer 

Pneuiraulics, Inc 

hmad 

iobbins Aviation 

Robbins Aviation 

Robbins Aviation 

Robbins Aviation 

PiBher and Portei 

Fisher ani Portei 

Robbins Aviation 

Robbins Aviation 

Robbins Aviation 

Ashcrof t 

Robbins Aviation 

Grove 

%del/ 
'art No. 

7091 

VA 

SSK 
250-4T 

SSK 
2 5 0 4 '  

SSK 
250-4" 

SSK 
2 5 0 4 T  

63064370. 
-A12 

63064370. 
-A12 

SSK 
250-49' 

SSK 
250-4T 

SSK 
2504' 

1850 

SSK 
250-49 

NA 

Se r i a l  
No. 

0002 
and 001' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

L 45106 

Remarks 

Pneumatic 
cylinder, 
double act ing 

Low temperature 
and humidity 

&-inch, vent 

$-inch, vent 

&-inch 

&inch 

0-to 10-scim 
9% Fs accuracg 

0-to 10-scim 
5% Fs accuracg 

&inch 

&-inch 

&inch, vent 

0-to 2ooo-psig - %025% FS 
accuracy 
C a l .  date  
10-10-67 

&inch 

0-to 3000-psig 
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It em 
No. 

15 

16 

17 

18 

It em 

Hald Valve 

Filter 

GN2 or A i r  Source 

Test Chamber 

Manufacturer 

Combination Valve 
snd Ampp co. 

kndix 

XMD 

konrad 

%del/ 

673 

’art No. 

NA 

I A  

NA 

Ser ia l  
No. 

YA 

1731261 

YA 

%A 

Remarks 

2-micron 

D - t o  2OOO-psig 

High temperature 
and humidity 

5-4 
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Table 5-3. Post-Low Temperature Test 
Functional Test Data (Ambient Conditions) 

Unlocking Pressure Locking Pressure 
Run ( P S i d  (P& 

1 55 50 
2 55 50 
3 55 50 

Leakage Test (Specimen 1) 

r 

I Pressure Leakage, Piston Unlocked Leakage, Piston Locked 
Run I (PSid I (scim) 1 (SCim) 

1 
2 

1 
2 

I 
750 1.28 0 
750 1.72 0.305 

0 
0 . 183 

lo00 1.40 
lo00 1.22 

Unlocking Pressure 
RUn (PSid 

1 55 
2 53 
3 55  

Leakage Test (Specimen 2) 

Locking Press,ure 
(psig) 

52 
52 
52 

RUn 

1 
2 

1 
2 

F'ressure Leakage, Piston Unlocked Leakage, Piston Locked 
( P S i d  (scim) ( scim) 

750 85 75 
750 Qo 105 

lo00 105 95 
lo00 100 130 



c 

- =2@)p 

16 

4 13 

r 1 I L 

Note: A l l  tubing i 'inch unless otherwise noted. 
Refer to  table 5-l for i t e m  identification. 

Figure 5-1. Lou alld High Temperature Test Schematic 
-. 
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SECTION VI 

HIGh T E m A T U R E  TEST 

6.1 TEST REQUIREMENTS 

A functional t e s t  sha l l  be performed during the high temperature 
test  using a i r  or GN2 as tes t  medium. Leakage will be monitored 
during t h i s  test. The rated high temperature sha l l  be 160(+4,-O)"F. 

6.2 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.3 

6.3.1 

6.3.2 

6.3.3 

6.3.4 

6.3.5 

TEST PROCEDURE 

The test specimens were installed as shown i n  figures 5-1 and 
5-2 u t i l i z ing  the equipment l i s t e d  in table  5-1. 

The chamber was adjusted t o  s t ab i l i ze  a t  160°F f o r  72 hours 
with a maximum temperature change rate of 1°F per minute. 
re la t ive  hurniditywas 20 per cent. 

The 

With the specimen temperature s tabi l ized a t  160"F, a functional 
tes t  as specified in  section I V  was performed. 

Upon completion of t h e  functional test, the chamber was returned 
t o  room ambient conditions. 
of the test specimen t o  room ambient conditions, a visual in- 
spection and a functional tes t  a s  specified i n  section I V  were 
performed. 

Within 1 hour following the  return 

A l l  t e s t  data  were recorded. 

TEST RESULTS 

The rated high temperature of 160°F was maintained f o r  a 72-hour 
period, with a maximum temperature change r a t e  of 1°F per minute. 
The re la t ive  humidity was 20 per cent. 

The specimens withstood the high temperature environment, except 
f o r  leakage i n  specimen 2. 

During the high temperature tes t  on specimen 2, leakage past the  
piston i n  the unlocked position a t  750 psig averaged 7 scim, ani 
at1000 psig averaged 9 scim. 
locked posit ion at 750 psig averaged 7.5 scim, ani a t  loo0 psig 
averaged 8 scim. 

Leakage past the piston in the 

After specimen 2 was returned t o  ambient conditions, leakage 
past the piston in the unlocked posit ion a t  750 psig averaged 
150 scim, and a t  1000 psig'averaged 172.5 s c h .  kakage past 
the piston i n  the  locked posit ion a t  750 psig averaged l.45 s c b ,  
and a t  loo0 psi& averaged 180 s c h .  

The insulation resistance betmen a l l  nonconnected terminals 
and between each terminal and tlie case was over 20 megbhms. 



6 .4 

6.4.1 

6.4.2 

TEST DATA 

Functional test data recorded during the high temperature test 
are presented in table 6-1. 

' 

Functional test data recorded after the high temperature test 
are presented in table 6-2. 

i -  
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Table 6-1. High Temperature Test 
, Functional Test Data Obtained a t  160°F 

Unlocking Pressure 
Run ( P S i d  

1 50 
2 50 
3 50 

+ 
Locking Pressure 

(psig) 

50 
50 
50 

Leakage Test (Specimen 1 )  

Pressure Leakage, Piston Unlocked 
Run ( P a i d  (scim) 

1 750 0.488 
2 750 0 549 

1 lo00 0 . 183 
2 lo00 0.305 

Leakage, Piston Locked 

0 122 
0.305 

~ 

Switch Indication (Specimen 2) 

RUn 

1 

Unlocking Pressure bcking Pressure 
(PSid  (psig) 

55 52 

I 52 I 52 
55 
55 

Pressure Leakage, Piston Unlocked 
RUn (PS id  ( s c i d  

1 750 7 
2 750 7 

1 
2 lo00 

1000 10 
8 

i 

I I I I 

Leakage, Piston Locked 
(scim) - 
8 
7 

8 
8 - 
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Table 6-2. Post-High Temperature Test 
Functional Test Data (Ambient Conditions) 

Unlocking Pressure Locking Pressure 
Run (psig) (PS id  

1 55 50 
2 55 50 
3 55 50 

A 

R u n  Pressure Leakage, Piston Unlocked 
(PSid  (scim) 

1 750 1.28 
2 750 1.22 

1 1000 1 b k o  

2 lo00 ' 1.22 

Unlocking Pressure 
(Psig) 

Leakage, Piston Incked 
( SCim) 

0 
0.305 

0 
0.183 

1 1 1  55 I 52 1 

Pressure Leakage, Piston Unlocked Leakage, Piston Lock& 
RUtl (PS id  ( SCim) ( S C i d  

1 750 u5 155 
2 750 155 135 

1 lo00 170 185 
2 lo00 175 175 

4 

I : I  55 
55 1 52 

55 

c 



SECTION VI1 

SURGE TEST 

L 

7 - 1  

7.1.1 

7.1.2 

7.1.3 

7.2 

7.2.1 

7.2.2 

7.2.3 

7.2.4 

7.2.5 

7.2.6 

7.207 

7.3 

7.3.1 

*TEST MIQUIREmTS 

The extend and re t rac t  ports sha l l  be al ternately pressurized 
from zero t o  750 psig wi th  a i r  or  GN2 a s  the pressure m e d i u m .  

Each t e s t  specimen s h a l l  be sub ected t o  1000 pressure surges 
( 5 0 0  extended and 500 retracted J with the pressure rise time 
being within 100 milliseconds. 

The cylirders shall be loaded with a 20-pound load during the 
t e s t  ani vented through a 0.125-inchdiameter or i f ice .  

TEST F'ROCEDURE 

The surge tes t  setup w a s  assembled as shown i n  figures 7-1 and 
7-2 u t i l i z ing  the  equipnent listed i n  table  7-1. 

It was determined t h a t  a l l  connections were t ight ,  a l l  gages 
were instal led and operating properly, and a l l  valves were 
closed. 

With the cylinder loaded with a 20-pound l a d  (31, the extend 
port of the cylinder was pressurized from zero t o  750 psig 
w i t h i n  100 milliseconds by opening valve 12, regulator 11, and 
valves 9 and 6. 
closed and the pressure vented through o r i f i ce  18. 

With the cylinder piston extended, valve 6 was  

The retract port of t h e  cylinder was then pressurized from zero 
t o  750 psig within 100 milliseconds by opening valve 7. With 
the cylinder piston retracted,  valve 7 was  closed and the  
pressure vented through o r i f i ce  17. 

The extend and re t rac t  ports of t h e  cylinder were alternately 
pressurized as described in paragraphs 7.2.3 and 7.2.4 f o r  
1OoO pressure surges (500 extended and 500 retracted).  

A t  the  completion of lo00 pressure surges, the pressure w a s  
removed from t h e  cylinder ports by closing valves 6, 7, 9, 
11, and 12. 

Upon completion of the pressure surge test, a visual  examination 
ani a functional t e s t  as specified in section IV were performed. 
A l l  test data  were recorded. 

TEST RESULTS 

A zero-to 750-psig pressure surge was accomplished i n  30 
milliseconds, which was within t h e  specified maximUm of 100 
milliseconds . 
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7.3.2 

7.3.3 

7.3.4 

7 -4  

7.4.1 

7.4.2 

The specimens withstood loo0 surge cycles. 

The insulation resistance between a l l  nonconnected terminals 
and between each terminal and the case was over X )  megohms. 

Prior t o  t h e  functional t e s t  on specimen 2, new @.ton seals 
were instal led i n  the pneumatic cylinder per factory in:4xwtions.  

TEST DATA 

A typical surge waveform as recorded during t h e  test is pre- 
sented i n  figure '7-3. 

Functional test  data recozded a f t e r  t h e  surge test  are pre- 
sented in table 7-2. 

. 
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Table 7-1. Surge Test Equipment List 

. It em 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

u. 
12 

13 

u 
15 

It em 

Test Specimen 

w, 
Weight 

Transducer 

Transducer 

Solenoid Valve 

Solenoid Valve 

Surge Tank 

Hsni Valve 

Pressure Gage 

Regulator 

Hand Valve 

Recorder 

Timer 

Filter 

Manu€ ac t urer  

Fneudraulics, Inc 

CCMD 

k o t t a  

Uarotta 

Bendix 

Bobbins Aviation 

Heise ' 

Tescom Corp. 

Combination Pinup 
a& Valve Co. 

CEC 

Cramer Control 

Bendix 

Yodel/ 
' a r t  No. 

7091 

NA 

NA 

4-350- 
OOO1 

4-350- 
OOO1 

Mv 74 

Mv 74 

NA 

SSK 
250-4T 

NA . 

NA 

PL 673 

NA 

540 

5-s- 
13460 
-16-134 

____ 

Ser i a l  
No. 

2 and 
0017 

NA 

NA 

2720 

1756 

17204 

823 

NA 

NA 

HbO172 

1526 

NA 

5-124 

Y3336A 

24 

Remarks 

Pneumatic 
cylinder, 
double acting 

3 m - p s i g  max. 

(342 

working pres- 
sure, a i r  or 

*-inch 

et0 3000-psig - +0.25% FS 
accuracy 
Cal. date  
10-13-66 

0-to 3OOO-psig 

2-micron 
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- 
It em 
No. 

16 

17 

18 

Table 7-1. Surge Test Equiparent List (Continued) 

It em 

GN2 or A i r  Source 

Orifice 

Orif ice 

Manufacturer 

CCMD 

Yodel/ 
'art No. 

NA 

AN 

AN 

Serial 
No. 

NA 

NA 

NA 

Remarks 
I .  

. 



P 
\ 

RUn 

1 
2 

C 

. 

Unlocking Pressure Locking Pressbe 
(pSig) (psig) 

55 50 
. 55 50 

. 

3 

Table 7-2. Post-Surge Test Functional Test Data 

Switch Indication (Specimen 1) 

55 50 

Leakage, Piston Unlocked 

0 

Leakage, Piston Locked 
( scim) 

0 

Leakage Test (Specimen 1)  

Pressure 
RUn (PSU) 

Pressure 7 

Leakage, Piston Unlocked 
(SCim) 

1 
2 

1 
2 

lo00 
lo00 

loo0 0 0 
lo00 0 0 

0 

0 

I 
Switch Indication (Specimen 2) 

0 

0 

I Unlocking Pressure 
(psig) 

55 
55 
55 

50 
50 
50 

b 

Leakage Test (Specimen 2) 

E T- 750 I 
750 

0 
0 

Leakage, Piston Locked 
(scim) 

0 
0 
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a 

m2 
or 
A i r  

e--- 

A1.1 titblnp: 2/2 inch unlsne atherwjar, noted. 
Refer t o  t .h le  7-1 for item idmt,Ctic#t,ion. 

Figure 7-1. SuPge Test S c h m t i c  

4 



b 

? 
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TIME (MS) 

Figure 7-3. Typical Surge Waveform 
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8.1 

Frequency 
( C P S  1 

SECTION V I 1 1  

VIBRATION TEST 

Displacement Acceleration I (D. A. Inch) (d 

TEST REQUIREMENTS 

Frequency 
( C P S  1 

10 t o  65 

65 t o  2000 

8.1.1 Vibration t e s t s  shal l  be performed on t e s t  specimens 1 and 2 to  
determine whether the environment causes degradation or  defor- 
mation. 
STD-l&(D), Procedure I, Section 9 ,  Figures 9.1 and 9.2, a t  
vibration leve l  C. 
pressurized t o  750 psig and indicator switches monitored during 
t h e  vibration test. 

The t e s t s  s h a l l  be performed i n  accordance with KSC- 

The r e t r a c t  port of t h e  cylinder s h a l l  be 

Displacement Acceleration 
(D. A. Inch) ( g )  

-- 0.1 

-- 20 

0.01 

-- 
-_ 
2.0 

8.1.3 SINUSOIDAL SWEEP 

In  one 20-minute sweep the frequency range s h a l l  be scanned 
logarithmically from 10 t o  2000 cps and back t o  10 cps. 
frequencies of the t e s t  specimen’shall be noted. 
specimen s h a l l  be functionally tested as specified in section I V  
after t h e  sinusoidal sweep tes t  has been completed. The sinu- 
soidal sweep input leve ls  s h a l l  be as shown i n  table  8-2. 

Cr i t i ca l  
The test 

Table 8-2. Sinusoidal Sweep Vibration Levels 
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8.1.4 

lo00 t o  xx)(3 

8.1.5 

8.1.6 

- 6  

8.1.7 

8.1.8 

8.2 

8.2.1 

8.2.1.1 

8.2.1.2 

8.2.1.3 

8.2.1.4 

8.2.1.5 

RANDOM EXCITATION 

The t e s t  specimen s h a l l  be exposed t o  random vibration a t  t h e  
specified leve ls  over a frequency range from 10 t o  2OOO cps 
f o r  5 minutes. The specified random input levels  s h a l l  be as 
shown i n  table 8-3. 

I 

Table 8-3. Random k c i t a t i o n  Vibration Levels 

I Frequency Slope I (db /octave) 

10 t o  100 

100 t o  lo00 

+ 6  

I 

Acceleration s h a l l  be measured a t  the  tes t  assembly by accelero- 
meters mounted on the assembly. 

The vibration test  s h a l l  be conducted i n  three mutually perpen- 
dicular axes. The previously described t e s t ing  is f o r  one axis 
and sha l l  be completed before proceeding t o  the next axis. 

Fixture design s h a l l  be as specified i n  KSC-STD-164(0). 

Test tolerances s h a l l  be as follows: Sinusoidal amplitwie 22 
per cent, acceleration density f3 db, broad band gnus 214 per 
cent o r  +2 cycles (whichever is greater) ,  ani time 21 per cent. 

TEST PROCEDURE 

RESONANT FREQUENCY SEARCH 

The vibration test  setup was assembled as shown i n  figures 8-1 
through 8-3 u t i l i z i n g  the  equipment l i s t e d  i n  table  8-4. 

It was determined that a l l  connections were t i gh t ,  a l l  gages 
were instal led and operating properly, and a l l  valves were 
closed. 

The re t rac t  port of the  cylinder was pressurized t o  750 psig 
with a i r  by opening valves 6, 5, ami 4. 
were monitored during the test. 

The indicator switches 

The frequency w a s  scanned logarithmically from 5 t o  2OOO cps 
ani back t o  5 cps over a time period of I4 minutes. 
are presented i n  table  8-1. 

Input leve ls  

A l l  t e s t  data and ac tua l  survey time were recorded. 
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8.2.2 

8.2.2.1 . -  
SINUSOIDAL SWEEP TEST 

The frequency was scanned logarithmically from 10 t o  2000 cps 
and back t o  10 cps over a time period of 20 minutes. 
l eve ls  a r e  presented i n  tab le  8-2. 

A l l  t e s t  data and actual  scan time were recorded. 
pletion of the sinusoidal scan, a functional test  as specified 
i n  section I V  was  performed. 

Input 

8.2.2.2 Upon com- 

8.2.3 RANDOM EXCITATION TEST 

8.2.3.1 The t e s t  assembly was subjected t o  random excitation ranging 
from 10 to  2OOO cps f o r  5 minutes. 
l eve ls  are shown i n  tab le  8-3. 

The specified random input 

8.2.3.2 A l l  test data and actual  random time were recorded. 
pletion of the random excitation test, a functional test as 
specified i n  section I V  was performed. 

Procedures described i n  parajp-aphs 8.2.1.1through 8.2.3.2 were 
performed for each of the remaining two mutua- perpendicular 
axes. 

Upon com- 

8.2.33 

8.3 TEST RESULTS 

8.3.1 Both specimens withstood vibration t e s t ing  i n  the three mutually 
perpendicular axes. 

8.3.2 During the sinusoidal scan i n  the first d s  of vibration 
(X-axis) f o r  specimen 2, t he  extend pressure switch l i g h t  fail- 
ed t o  operate. 
testing. 

Testing was continued u n t i l  completion of vibrat ion 

8.3.3 

8.4 

8.4.1 

8.4.2 

The insulation resistance between a l l  nonconnected terminals 
and between each terminal and t h e  case was over 20 megohms. 

TEST DATA 

A vibration t e s t  summary is presented in table  8-5 and typ ica l  
control'accelerometer plots  as recorded during the  test  a re  
presented i n  figures 8-4 through 8-6. 

Functional t e s t  data recorded a f t e r  the vibration t e s t  are 
presented i n  table 8-6. 

L 
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Table 84. Vibration Teat Equipment L i s t  

- 
t, em 
., 
' 10. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 

It em 
- 

Pest Specimen 

Vibration Exciter 

Pressure Gage 

Hard Valve 

Regulator 

Hand Valve 

Filter 

A i r  or GN2 Sourcc 

Accelerometer 
(Control) 

Accelerometer 
(Response) 

Manufacturer 

'neudraulics, Inc 

!B 

Lahcroft 

Zobbins Aviation 

kove 

iobbins Aviation 

Bexxiix 

cm 

Endevco Corp. 

Ehdevco Corp. 

Yodel/ 
a r t  b!o. 

7091 

210 

1850 

SSK 
2504T 

NA 

SSK 
25044T 

NA 

NA 

MA 

NA 

Ser i a l  
No. 

!ad 
017 

IA 

iA 

$A 

L 45107 

JA 

L731261 

BA 

He77 

w35 
w4 
J D 6 l  

Remarks 

'nematic 
vlinder , 
louble acting 

)-to 1Ooo-psig 
9.25% accuracy 
XI.. date 
G12-66 

)-to 3Ooo-psig 

k-inCh 

9.25% accuracy 

2picron 

3-k, 1OOO-psig 

3 t o  500g 

D to 5OOg 



Table 8-6. Post-Vibration Functional Test Data 

1 
2 
3 

Unlocking and hcking Pressure (Specimen 1) 

Ut0 50 
50 50 
50 50 

Unlocking Pressure 
( P S i d  

Pressure 
RUn (wig )  

1 750 
2 lo00 

Leakage, Piston Unlocked Leakage, Piston Locked 
(scim) ( S C b )  

0 854 0.061 
0 915 0 

I 50 
50 
50 i 

Unlocking arvl Locking Pressure (Specimen 2) 

R u n  

1 
2 

1 Unlocking Pressure 
( P S i d  

Pressure Pressure, Piston Unlocked Pressure, Piston Locked 
(wig)  (scim) (scim) - 

750 0 0.061 
loo0 0 0.061 

1 
2 
3 

55 
50 
50 

Leakage Test (Specimen 2) 



8 8 . 
v\ v\ 

8 
v\ 

8 
ln v\ 

d 

8 
d 

8 
d 

a 

C 
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, 
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P:~ te :  A l l  l i n e s  i', i n c h .  
n s f e r  t o  t a b l e  8-1 f o r  
item i d 2 n t i f i c a t i o n .  

I 2 

FiFure €?-1. Vibra t ion  Test S c h e m t i c  
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SECTION IX 

SAND AND DUST TEST 

9.1 

9.1.1 

9.1.2 

9.1.3 

9.2 

9.2.1 

9.2.2 

0.2.3 

9.2.4 

9.2.5 

9.3 

9.3.1 

9.3-2 

'EST REQUIREMENTS 

A sand and dust test  shal l  be performed on specimen 1. The 
tes t  specimen shall be subjected t o  2 hours of exposure t o  f ine  
sand and dust with a velocity of 100 t o  500 feet per minute 
and a temperature of 77°F. 

A t  the end of the 2-hour period, the temperature shall be in- 
creased t o  160°F. 
additional 2 hours. 

This temperature sha l l  be maintained fo r  an 

Following t h e  preceding exposure time, the test  specimen sha l l  
be removed from the test  chamber and allowed t o  cool t o  room 
temperature. 

TEST PROCEDURE 

With  ports capped, t h e  test specimen w a s  placed in the sand ani 
dust chamber (see table 9-1) as specified i n  KSC-S"D-l&(D). 
The chamber contained sand ard dust with the characterist ics 
as prescribed i n  KSC-STD-l&(D). 
dust was maintained a t  0.1 t o  0.25 grams Wr Cubic feet 

The density of the sand and 

The internal  temperature of the tes t  chamber was set a t  77°F. 
This condition was maintained f o r  2 hours with a i r  velocity of 
100 t o  5 0 0  feet  per minute through the tes t  chamber. 

A t  the end of the 2-hour period, the temperature was raised t o  
160°F a d  t h e  specimen was tested f o r  2 hours a t  t h i s  coldition. 
A t  t h e  enl of t h i s  exposure period, the test  specimen was re- 
moved from the chamber and allowed t o  cool to room temperature. 

The accumulated dust from the test was removed f romthe  specimen 
by brushing, wiping, and shaking. The specimen was inspected 
fo r  sand axxi dust  deposits t o  ensure tha t  additional dust  had 
not been introduced into t h e  specimen. 

Upon completion of t h e  sand and dust tes t ,  a functional test 
as specified i n  section IV was performed. 
recorded. 

A l l  test data  were 

TEST RESULTS 

The rated internal temperature of the tes t  chamber w a s  maintain- 
ed f o r  2 hours at 77°F and 2 hours a t  160°F with t h e  a i r  velocity 
through the tes t  chamber a t  100 t o  500 feet per minute. 

The specimen withstood the sand and dust  environment. 
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9.3.3 During t h e  functional test ,  the switch on the extend 
s ide  of the cylinder fa i led  to operate. 
the functional test, the switch was disassembled and 
inspected fo r  fatigue failure. 
fatigue fa i lure  inside the switch; however, s a d  and dust  
particles (as shown in  figure 9-1) were found inside the 
The cause of failure was attributed to a sticky plunger 
located inside the pressure switch assembly which w a s  damaged 
by sand and dust  penetration. 

Upon completion of 

There was no indication of 

m17 

9.3.4 The switch was cleaned and installed on the cylinder. 
A functional t e s t  was then performed t o  check t h e  operation of 
the pressure switch. 
functional test . The switch operated normally during t h e  

Pneumatic 
cylinder, 
double acting 

9.3.5 

9.L 

The insfiation resistance between a l l  nonconnected te rminas  
and between each terminal and t h e  case was over 20 megohms. 

TEST DATA 

Functional test data recorded a f t e r  the sand and dust t e s t  are 
presented i n  table  9-2. 

Table 9-1. Sand and Dust Test Equipment List 

It ea 

Test Specimen 

Test Chamber, 
sanl anl Dust 

Manuf ac t w e  r 

'neudraulics, Inc 

Model/ 
art  No. 

7091 

NA 

Serial Remarks No. 1 
JA 
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Table 9-2. Post-Sand and Dust Test Functional Test Data 

Unlocking Pressure 
(PSid RUn 

Locking Pressure 
(psig) 

1 
2 
3 

~~ 

25 25 
25 25 
25 25 

Leakage Test 
I 

Leakage, Piston Unlocked 
(scim) 

Leakage, Piston Locked 
(SCiDl) 

0 
0 

0.366 
0.427 

I 
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SECTION X 

10.1 TEST REQUIJZENENTS 

10.1.1 Tho test, : ; p e c a n s  shal l  be subjected t o  5000 pressure cycles 
w i t h  a 23-pound load applied. Each cycle sha l l  consist  of 
slowly extending and then re t rac t ing  the cylinder. 
switches s h a l l  have a 3-ampere res i s t ive  load a t  28 vdc. 

The unlock 

10.1.2 A functional t e s t  shal l  be performed after 100, 500, 1o00, 
and 5000 cycles. 

10.2 TEST PROCEDURE 

10.2.1 The cycle tes t  setup w a s  assembled as shown i n  figures 10-1 
a d  10-2 u t i l i z ing  the equipment listed in table  10-1. 

10.2.2 It was determined t h a t  aU. connections were t igh t ,  a l l  gages 
were inzts l led an3 operating properly, and aU. valves were 
closed. 

10.2.3 With weight 2 (20-pound lcjad) applied, the  cylinder was slow- 
ly extended and then retracted using 75o-psig sir pressure. 
"his comti tuted one cycle. Each specimen was subjected t o  
5000 cycles. 
load a t  28 vdc. 

The unlock switches had a 3-ampere resistive 

10.2.4 

10.3 

10.3.1 

10.3.2 

10.3.4 

The specimens were visually inspected and functionally tes ted 
after IQO, 500, 1000, and SO00 cycles. 
recorded. 

A l l  t e s t  data  were 

'EST RESULTS 

Esch specimen was subjected t o  5000 cycles. 

Upon completion of 3044 pressure cycles, the 
(retract, position) on specimen 2 fa i led  t o  operate. 
was continued until completion of 5000 cycles. 
of the Lest, both 
cleaned, and adjusted. 
cylinder ani tested f o r  operation. 
nonaallp. 

The insidation resistance between a l l  nonconnected terminals 
and bet @en each terminn1 and t h e  case was over 20 megohms. 

switch 
Testing 

Upon completion 
switch assemblies were disassembled, 

The switches were then installsd on the  
Both switches operated 

The specimens withstood the cycle test. 
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10.4 TEST DATA 

Functional test data recorded after 100, 500, 1oo0, and 5000 
pressure cycles are presented in tables 10-2 through 10-5. 
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Table 10-1. Cycle Test muipment L i s t  

Weight 

It em 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

I4 

15 . 

Power Supply 

Switch 

Solenoid Valve 

~ 

It em 

Solenoid Valve 

Test Specimen 

Hand Valve 

Pressure Gage- 

Counter 

legulator 

land Valve 

Timer 

U t e r  

L i r  or GN2 Source 

W e Y  

Xanuf a c t  ure r 

pheudraulics, I n  

CCMD 

Durant 

Cramer Control 

Marotta 

Marotta 

Robbins Aviation 

Heise 

Tescom Corp. 

Combination Pump 
mi Valve Co. 

Bendix 

.'lad e 1 / 
’art KO. 

7091 

N A  

5-YE- 
8949 

540 

N A  

NA 

m74 

m74 

SSK 
250-4T 

NA 

NA 

-73 

5s- 
13460- 
16-B-10 
JA 

JA 

Serial  
No. 

2 and 
0017 

NA 

665 

P3336A 

NA 

NA 

17204 

823 

‘JA 

%lo72 

~526 

JA 

?4 

IA 

IA 

Remarks 

Pneumatic 
c y m e r  9 

double acting 

20-pound 

28-vdc 

)-to 3Ooo-psig 

LO-13-66 

)-to 3Ooo-psi 

9.25% accuracy 
>al. date 

b-inch 

!-micron 
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Unlocking Pressure 
RUn ( p s i d  

Table 10-2. Functional Test Data Obtained a t  100 Cycles 

Locking Pressure 
(PSid 

Pressure Leakage, Piston Unlocked 
RUn ( P S i d  (scim) 

0 549 1 750 
2 loo0 0.488 

Leakage, Piston Locked 
(scim) 

0 
0 

1 
2 
3 

50 50 
50 50 

50 50 

Pressure Leakage, Piston Unlocked 
(scim) RUn (PSid 

0 1 750 
2 lo00 0 

Leakage, Piston Locked 

0 
0 

(scim) 



I .  

Onlocking Presstrre bck ing  Pressure 
. Run ( P a d  (psig) 

I -  

Presswe Leakage,, Piston Unlock& 
RUn. ' (psi&) (scim) 

0 
0 

1 7'50 
2 lo00 

X I  - 

Leakage, Piston Locked 

0.366 

S C b d  

0 e427 I .  

b 

Unlocking Pressure Locking Pressure 
RUn (P& (psig) 

Unlocking' and hck ing  Pressure (Specimen 2) 
d 

Pressure Leakage, Piston Unlocked 
RUn ( P d  ( SCim) 

0 
0 

1 750 
2 lo00 . . _ .  I -  

p-pl 40 40 

Leakage Test (Specimen 2) 

Leakage, Piston Locked 
( SCim) 

0 
. o  

. 
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Table 10-4. Functional Test Data Obtained a t  loo0 Cycles 

Pressure Leakage, Piston Unlocked Locked Leakage, 
( scim) Piston Locked (scim) RUIl (PSid  

1 750 0 0. %9 
2 lo00 0 0.610 

r > 

I 3 1  

Run 

30 

I Unlocking Pressure Locking Pressure 
(psig) I b i g )  

Pressure Leakage, Piston Unlocked 
RUn (PQ3) ( S C i d  

Leakage, Piston Locked 
(scim) 

1 
2 

750 0 0 
lo00 0 0 

, 
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L 

RUn 

1 
2 
3 

Table 10-5. Functional Test Data Obtained a t  5000 Cycles 

Unlocking heskure ' Locking Pressure 
( w i g )  I (psig) 

50 50 
50 50 
50 50 

Run 

1 
2 

* 

Pressure Leakage, Piston Unlocked Leakage, Piston Locked 
(PSh3) (scim) ( SCim) 

750 0 0,366 
lo00 0 0,427 

I I 

1 1  30 I 30 I 
RUn 

):I 
Unlocking Pressure Locking Pressure 

(PQ) (psig) 

30 
30 

I 

Pressure Leakage , Piston Unlocked Leakage , Piston Locked 
RUn (psig) (scim) (scim) 

1 750 3 0 
4-27 0 2 lo00 
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Figure  10-2. Cycle Test Setup 
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SECTION X I  

SALT FOG TEST 
D L  ! 

. 
ll.1 

ll.l.l A salt  fog spray t e s t  sha l l  be performed on specimen 2. 
tes t  specimen sha l l  be subjected t o  240 (22) hours of an 
atomized salt solution. 

The 

11.1.2 The soluticrn s h a l l  contain f ive  parts by wqight of salt i n  95 
parts by weight of Hi0 with' no more than 200 parts per million 
of t o t a l  solids. The specific gravity of the salt solution 
sha'll be from 1.023 t o  1.037 with a reference temperature of 
95 (+2, -4)"F. The salt  solution s h a l l  a l so  have a Ph value 
of 6.5 t o  7.2. Diluted chemically pure (CP) hydrochloric acid 
o r  CP sodium hydroxide can be used t o  adjust  the value of the 
ph. 

Following t h e  240-hour exposure, t h e  test  specimen shall be 
subjected t o  a functional test within 1 hour after returning 
t o  room ambient conditions. 

11.1.3 

11.2 TEST PROCEDURE 

11.2.1 Prior t o  the salt fog t e s t ,  the specimen was visually inspected 
f o r  corrosion, d i r t ,  and o i l y  films. A l l  unnecessary o i l  films 
and d i r t  par t ic les  were removed, and spots of corrosion were 
noted. 

With the cylinder ports capped, the specimen was placed i n  the 
salt fog chamber as shown i n  figure 11-1 and listed i n  table  
11-1. 
tha t  the clean fog-collecting receptacle i n  the exposure zone 
could collect'from 0.5 t o  3 milliliters of solution per hour 
fo r  €30 square centimeters of horizontal collecting area. 
condition was maintained f o r  240 hours. 

11.2.2 

The chamber was adjusted t o  a temperature of 95°F so 

This 

11.2.3 A t  the end of t h e  240-hour period, the test  specimen w a s  re- 
moved from the chamber and allowed t o  return t o  room ambient 
conditions. 

11.2.4 One hour a f t e r  returning the specimen t o  room ambient conditions, 
a functional t e s t  a s  specified in section I V  was performed. 
test  data  were recorded. 

A l l  

* 

11.3 TEST RESULTS 

11.3.1 The atomized salt solution and required temperature of 95°F were 
maintained f o r  240 hoyrs. 

11.3.2 The results were considered satisfactory.  
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11.3.3 The insulation resistance between a l l  noncomected terminals 
and between each terminal and t h e  case was over 20 megohms. . 

Item 
No. 

1 

2 

11.4 TEST DATA 

&del/ S e r i a l  Remarks 

Test Specimen Pneudraulica, Inc. 7091 2 Pneumatic 

I t em Manufacturer Part No. No. 

cylinder, 
double act ing 

Test Chamber, NA NA 
Salt Fog 

- 

Functional t e s t  data recorded a f t e r  the s a l t  fog test a re  
presented i n  table  11-2. 

RUn 

1 
2 
3 

Table 11-1. Salt Fog Test Equipmnt L i s t  

Unlocking Pressure Locking Pressure 
(SCh) (scim) 

30 30 
30 30 
30 30 

Run 

1 
2 

Table 11-2. Post-Salt Fog Test Functional Test Data 

Pressure Leakage, Piston Unlocked Leakage, Piston Locked 
(psig) (scim) 

750 2.8 0 -427 
lo00 2.87 0.427 
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SECTION XI1 

BURST TEST 

12.1 

12.1.1 

12.1.2 

12.2 

12.2.1 

12.2.2 

12.2.3 

12.2.4 

12.3 

12.3.1 

12.3.2 

12.4 

Specimen 2 s h a l l  be pressurized with H20 t o  4000 psig. The 
pressure s h a l l  be maintained f o r  5 minutes and the cylinder 
checked f o r  leakage and distor t ion.  

Pressurization of one specimen sha l l  be continued u n t i l  
rupture occurs. 

TEST PROCEDURE 

The specimen w a s  ins ta l led as shown i n  figures 12-1 and 12-2 
u t i l i z ing  the equipment l i s t ed  i n  table  12-1. 

It was determined t h a t  a l l  connections were t igh t ,  gages were 
instal led and operating properly, and tha t  a l l  valves were 
closed. 

The extend and re t rac t  ports of t h e  cylinder were hydrostatically 
pressurized simultaneously t o  4000 psig f o r  5 minutes. 
pressure was then vented and the specimen was checked f o r  d i s -  
tor t ion.  

The 

The pressure t o  t h e  specimen was increased u n t i l  leakage occurred 
a t  7700 psig. 
assembly on the re t rac t  s ide of the cylinder. 
was again increased t o  10,OOO psig, a t  which time the test was 
discontinued. 

TEST RESULTS 

The leakage was located i n  the pressure switch 
The pressure 

A l l  t e s t  data  were recorded. 

No vis ib le  leakage or dis tor t ion  occurred a t  4000 psig. 

The t e s t  r e su l t s  were considered satisfactory.  

TEST DATA 

Leakage occurred a t  7700 psig. 
psig and no dis tor t ion was evident. 

Testing was continued t o  10,OOO 

J 
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:t em 
No. 

1 

2 

3 

I+ 

5 

.- 

Model/ 
'art No. 

Table 12-1. Burst Test Equipment List 

Serial w r k s  
No. Item 

rest Specimen . 

Burst C h a r  

Pressure Gage 
(wros ta t i c )  

Hand Valve 

Hydrostatic 
Pressure Source 

Manuf ac t w e  r 

Pneudraulics, Inc 

Ashcroft 

Robbins Aviation 

CCMD 

7091 

NA p l . 1  

Pneumatic 
cylinder, b ouble acting 

0002 

ariable 
20,000-psig 

.25% accuracy 

$-inch 

ariable 
-to 20,Ooo-psig 

1850 NA 

;sK 

JA NA 

I I 

12-2 





APPROVAL 

TEST REPORT 

FOR 

PNEUMATIC CYLINDER, DOUBLE ACTING 

heudraul ics  Inc., Model 7091 

NASA Drawing Number 75M06911 Rev.D 

SUBMITTED BY: 

'J Test and Evaluation Section 

APPROVALS 

R.' W. Claunch 
Program Supervisor 

V. J. Vbhko. Director 
Enginee ng Department b 



. . ,  
; \  DATE ; 6/22/67 

THE FOLLOWING CHANGES APPLY TO PUBLICATION: 

TITLE: JDE;F.. DOUBLE ACTING. F'neudraulics . Inc . Model 7091, 

Technical Retmrt 

NASA Drawing !lumber 75lxKl6911. Rev. D. 
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1. Throughout en t i r e  report: 

Delete "pressure switch" and subst i tute  "position indicator 
. switch". 
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Low Temperature 1 

- _I-- 

DA T E : 6/21/67 I .  

5 (to,-4) OF Determine i f  Satisfactory 
specimen is  
impaired by 
low texper- 
a ture  

THE FOLLOWING CHANGES APPLY TO PUBLICATION: 

T I T L E : DSL754TIC CYLIITDER , DOCILE ACTIFG , Fneudraulic s , Inc . , Nodel 7091 

Technical Rcnort 

NASA Drawing b!umber 75N06911, Rev. D. 

N U M B  E 9:  TR-RE-CCSD- DATE : 12/19/66 B R A ~ C ~ :  Rel izb i l i ty  EnEineerinp 
F0-1064-3 

1. ' Abstract: 

Following first sentence of last paragraph, add '(New seals were 
of h a  N material." 

2. Page XII, add t o  Test S u m m y  as follows: 

3.  Page 5-2, paragraph 5.3.6: 

Completed _i 
Add, "of Buna N material" following ' k i t h  new piston sealsff .  
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4. Add the following data as Table 5-2A, page 5-5A: 

Table 5-2. Functional Test Data Obtained a t  5°F and 30°F 

Position Indicator Switch Indication 

(Low Temperature Retest of Specinen 2) 
I 

1 

2 

3 

1 

2 

3 

Run 

1 

2 

1 

2 

30 

30 

30 

30 

30 

750 

1000 

750 

1000 

45 

45 

40 

40 

Leakage Test 

10.5 

8.5 

9.5 

Texperature 
(OF) 

* 

Leakage, Piston 
Locked 
(scim) 
c- 

1.2 

14.5 

18.5 

Temperature 
( O F )  

30 

5 

5 
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